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Abstract
All logistic activities generate environment costs such as noise and air pollution (externalities). One well-known method 
to study those externalities is the use of surveys in which people are asked about their willingness to pay (WTP) to 
compensate the caused damage. In this paper, we use both Double-Hurdle and Moulton’s models in order to estimate the 
willingness to pay of the population living next to the roads crossing the Pyrenees in Navarre (Spain). That population
suffers from the environmental impact, in terms of noise and pollution, of the freight transportation traversing those 
mountains and it is prone to pay to avoid the negative externalities associated to merchandises fluxes.
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1. Introduction
Indeed, transportation has always been one of the most important pivots for economy and social 
development, not only during the last decades.  However, transportation also has negative effects, such as 
noise pollution, traffic congestion, air pollution, among others. Therefore, the concern of our society for 
environmental issues, and specifically, concerns related to transportation, should be clarified. Anything that 
sheds light to the costs evaluations related to environmental damages and individuals’ willingness to pay 
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those costs is of utmost interest. In other words, this work aims to analyze the determinants of individuals’ 
willingness to pay (WTP) in a broad sense surveying 900 adult residents in the zone of the Navarrese
Pyrenees.
While many studies of noise and pollution have focused on the problems in big cities, here the attention is on 
villages, concentrating on the particular case of residents in the bordering regions of the Pyrenees in Navarre 
(Spain). The selection of that study area is due to the fact that the Pyrenees forms a natural boundary between 
Spain and France, with very important economic implications in the connection of the Iberian Peninsula with 
the rest of Europe. Thus, five routes are considered, all beginning in Pamplona (the capital of Navarre) and 
ending in France. These routes cut through areas of great ecological value. Actually, these crossing points are 
greatly impacted as a result of road traffic.
Concerning the WTP studies and the contingent valuation methodology (CVM), there is a series of 
noteworthy papers on air quality measurement using the aforementioned procedures (for instance: Alberini 
and Chiabai, 2007; Dziegielewska and Mendelsohn, 2005; Wang et al., 2006). Similar valuation procedures 
have been used for noise (Barreiro et al., 2005; Navrud, 2002). This is a common technique to be used in the 
valuation of externalities related to transport and big public works (Barreiro et al., 2005). Moreover, this 
technique produces good estimations of the people propensity to pay for public goods or services whose real 
value is difficult to assign (Mitchell and Carson, 1989). That is the scientific reason of using CVM to value
the WTP to avoid transport externalities in the Pyrenees.
2. The Survey
2.1. Contingent valuation survey and pollution measurements 
The data were obtained from a contingent valuation survey distributed among the five considered routes 
(Lera-López et al., 2012, 2013). The sample was selected among a population of 9,600 people living in the 
villages placed on the five routes. People in the survey were between 18 and 70 years old. From this 
population one thousand residents were chosen following multistage sampling methods. Respondents were 
selected using a stratified random sampling based on gender and age intervals. In total, 900 interviews were 
completed (9.4% of the total sample) at their household. The survey response rate was 90%. All data related 
to traffic flow in Navarre were taken from Government of Navarre (2007).
The questionnaire, that was carried out between February and March 2009, contained 3 sections: in the 
first one, we developed an introduction in order to explain the problem we wanted to analyze; the second one 
described the contingent valuation process (that contains, among others, open-ended questions used to elicit
willingness to pay- WTP); and the last section presents a list of classifying questions about environmental 
topics. An important issue in WTP questionnaire design is the choice of starting bid, which respondents use as 
a reference for their replies. The starting offer levels were therefore carefully chosen, taking into account the 
results obtained in similar projects using Contingent Valuation Methodology- CVM such as Dziegielewska 
and Mendelsohn (2005), we constructed three equal subsamples with starting bids set at €15, €30 and €45 that 
will be paid as an annual tax per household.
Once the questionnaire was made, a relevant issue is the introduction of the physical analysis of the 
measurement of noise and air contamination.  For air pollution levels, from the traffic flow to the average 
traffic speeds on the roads (Government of Navarre, 2007), we created a scenario for each of the 14 selected 
villages, calculating the concentration of the most important toxins (CO, NOx and SOx) using the software 
program COPERT 4. Release 7.1. The toxins dispersion from the road to the villages was calculated using the 
software DISPER 4.0. In the case of noise pollution, estimations of noise production were performed in each 
of the municipalities. We took the average of 2 or 3 measurements per village, all taken both during day and 
night, and at the distances of 0, 100 and 200 meters from the road. Those measurements were made at a 1.5 
height-meters and filtering the noise produced by other sources (human activities, for example). 
425 Fernando Lera-López et al. /  Transportation Research Procedia  3 ( 2014 )  423 – 432 
As a result of these measurements, we defined two different areas per municipality with important 
differences in both noise levels and pollution concentrations: zone A and B (See Table 1). The final step in 
this study was to assign the zone A or B to every respondent depending on the level of noise and pollution 
HDFKUHVSRQGHQWVXIIHUHGDVPHDVXUHGLQGHFLEHOVG%DQGȝJP3 of NOx, respectively. 
Furthermore, we proposed some scenarios in which air pollution and noise were altered. Thus, concerning 
air pollution, the survey contemplates a first scenario in which people suffer from mild respiratory problems, 
irritation of the eyes and coughing associated with air pollution (mildly affected) and a second one that 
describes a population suffering from an acute respiratory failure and a severe coughing due to air pollutants 
(severely affected). We proposed two different air pollution reductions too (25% and 50% in zones A and B,
respectively). 
Regarding noise reduction scenarios, we proposed two reductions in zone A (from 70 dB to 60 dB, and 
from 70 dB to 50 dB) and one reduction in zone B (from 60 dB to 50 dB). Due to the difficulty of reducing 
noise levels up to 50 dB, we put 50 dB, as our limit in reductions.
Note that the interviewees were asked to listen to a recorded noise of traffic crossing similar routes and 
based on the noise level affecting their homes. Later, the respondents were asked to listen to a second noise 
sample in which the proposed reduction was applied. The interviewees heard the noise from a recorder with 
headphones. Table 2 summarizes the twelve different kinds of surveys combining different scenarios for air 
pollution and noise along with the initial proposed bids.
Table 1: Characteristics of noise and air pollution zones
Zone A Zone B
Distance from highway 0 to 80/100 m 80/100 m to 300 m
Approximate noise levels > 65 dB < 65 dB
Pollutant concentrations < ȝJP3 < ȝJP3
Table 2: Different scenarios proposed and the number of people surveyed.
Contamination zone A B
Noise reduction 70 - 50 70 - 60 60 - 50
Pollution reduction 50% 25% 50% 25%
Initial bid (€) 15 30 45 15 30 45 15 30 45 15 30 45
Type of questionnaire 1 2 3 4 5 6 7 8 9 10 11 12
Nº of questionnaires 100 100 100 50 50 50 50 50 50 100 100 100
2.2. Description of the variables
We can classify our selected variables in four different types, apart from the bid price. Firstly, variables 
relate to externality concern, due to the high importance of environmental attitudes regarding the WTP, as 
showed Bjørner (2004), Alberini and Chiabai (2007) and Durán and Vázquez (2009). A second type of 
variables are those related to socio-demographic ones, since they have been widely used in contingent 
valuation works (Hunecke et al., (2007), O’Garra et al., (2007) or Jones et al, (2009)). Another type could be 
physical measurements of externality variables which detect the pollution level of the survey zone. And 
finally, some local contextual variables that depend on each village. Table 3 collects those variables (sample 
average values).
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3. Model framework
i) Double Hurdle model
As Saz and Rausell-Köster (2008) indicate, there is a high probability of obtaining a zero WTP because of 
the use of open-ended question in CVM. The reasons for this include a lack of interest on the environmental 
commodity or an ignorance of the way the contingent valuation method works (Mitchell and Carson, 1989). 
As a result, it is common to ignore zero bids in analyzing results. If this “censored” distribution of bids in 
open-ended contingent valuation models is not considered, the results are biased and we obtain inconsistent 
estimations of the parameters in our models (Halstead et al., 1991, Maddala, 1983 and Saz and Rausell-
Köster, 2008). Tobit models (Tobin, 1958) offer one solution in recognizing the WTP values at zero (Bateman 
et al., 2006).
Table 3:  Variables and descriptive statistics
Variable Description Mean Frecuency   
Price
Env. Extern. Concern vbles.
Noise_Perception
AirP_Perception
Traffic_Noise_Affect
AirP_Affect
Hearing_Problems
Smoker
Road_Externalitie_Concern
Socio-demographic vbles.
Age
Education_Level
Urban Habitat
Physic measures 
Pollution Zone
Higher_Reduction
Contextual Variables
Age_Mean1
University_Studies1
Primary_Residence2
Primary_Residence_Noise2
Primary_Residence_Poll.2
Transport_registration3
Bid presented to the individual
Noise level heard in the residence area (1 to 5, 5 more noisy)
Air pollution level noticed in the residence area (1 to 5, 5 more pollution)
Nuisance due to traffic noise (1 a 5, 5 more nuisance)
Nuisance due to the air traffic pollution (1 a 5, 5 more nuisance)
Having hearing problems (0:no, 1:yes) 
Being smoker (0:no, 1:yes)
General level of environmental concern due to the noise level and the air 
quality in the residence area (1 to 5, 5 higher concern)
Individual age
Individual education level (1 to 4, 4 university level)
Living in an urban area (0:no, 1:yes)
Area of noise and air pollution level where the survey took place (A: greater 
pollution, B: lower pollution)
Proposal of higher reduction of pollution level (0:no, 1:yes)
Average age in the municipality 
Number of people having university education in the municipality 
Proportion of primary residences in the municipality
Proportion of primary residences in the municipality with noise problems. 
Proportion of principal housing in the municipality with pollution problems 
Number of trucks and vans registered in the municipality. 
15€         33.33%   
30€         33.33%   
45€         33.33%   
2.57 
3.85 
                  
1.82 
1.56 
               12.2%4
                       32.0%4
1.92 
42.91
               57.7%5
           19.2%4
      A: 33.4%
                             
              40.0%4
                  
40.37 
7.78% 
70.00% 
17.01% 
8.91% 
17.00% 
1 Data obtained from the Population Indices in 2008. 
2 Data obtained from the housing census in 2001.
3 Data obtained by Vehicle Registration Number Records in 2004.
4 Percentage of positive answers.  Percentage of high school and university education respondents. All the data have been obtained 
from the Spanish National Statistics Institute (2009).
However, the Tobit model only allows for one type of zero observations. That is, since the model is based 
on the implicit assumption that zeros arise only as a result of the respondent’s economic circumstances (Saz 
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and Rausell-Köster, 2008; Martínez-Espiñeira, 2006), the model only recognizes corner solutions—the “non-
interest” situation. Consequently, we cannot distinguish genuine zeros and “protest” zeros in the Tobit model. 
Additionally, in the Tobit model the same specification explains two decisions: whether you are willing to pay 
or not and the amount that you are willing to pay. However, the determinants of both decisions could be 
different while the two are correlated. To consider the distinction between types of zeros and the possibility 
that a different set of variables could affect both decisions, we apply the Double Hurdle models (Cragg, 1971) 
and compare the results with the Tobit model.
Assuming that each respondent decides whether or not to participate in the market independently and 
chooses their level of participation (WTP) independently, the assessment of the Double-Hurdle model 
requires a few estimations. First of all, it needs a Probit model estimation to evaluate the censoring rule and, 
secondly, it needs the estimation of a truncated regression model to obtain the bid function for the subsample 
of censored observations. A detailed description of the models here presented and used can be found in Lera-
Lopez et al. (2012; 2013).
ii) Moulton’s correction
Similarly, we would like to comment on a particular case in our Double-Hurdle model when we included 
some variables which were not directly provided in the survey but that could affect the WTP decision. For 
example, we included the level of education in the municipality, percentage of primary residences in the 
municipality, and the social perception of environmental problems. We included these local or contextual 
variables because other studies showed that local conditions have constrained residents’ reactions. With 
information from other sources (Spanish National Statistics Institute, INE, 2009), we input the variables from 
this aggregated statistics at the municipality level to our survey. Then, we merged aggregate data at the 
municipality level with the individuals’ data obtained from our survey. This caused a statistical problem 
identified by Moulton (1990). In fact, this problem occurs when combining individual cross-section data with 
aggregate data (in our case, at a municipality level). There will exist correlation in random perturbation, what 
implies a serious bias and creating inefficient estimators. This kind of biases are treated using the Moulton’s 
(1990) correction. More details about this study can be found in Lera-Lopez et al. (2012;2013).
4. Discussion results
The results section is compounded of two parts. Firstly, the generic results are presented with the average 
valuations obtained in order to estimate the willingness to pay. The second part studies the influence of 
individual and contextual variables in the residents’ willingness to pay.
4.1. Willingness to pay to reduce environmental impacts
Table 4 shows the WTP from the sample excluding protest responses for reducing noise and air pollutions. 
The first obtained results reveal that a significant part of sample is not willing to pay to reduce environmental 
impacts. This situation is related to the environmental awareness of the population which is usually connected 
to the educational level of the participants’ survey. The results led us to use a spike model, proposed by 
Kriström (1997) in which protest responses were removed from the analysis and only genuine zeros were 
considered. The spike model assigned the latter a probability different from zero.
Table 5 describes the results of estimation with the spike model. Considering it, we got a mean willingness 
to pay of more than €8 for noise reduction and approximately €9 for a reduction in the populations affected by 
air pollution. 
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4.2. Determinants of the willingness to pay
Table 6 describes the main results of the estimates regarding noise reduction. Concerning variables related 
to WTP, residents’ subjective valuations and their socio-demographic profile are both depicted in that table.
In fact, the (NOISE_PERCEPTION) produced by road traffic and the way in which the people feel the 
pollution problem (TRAFFIC_NOISE_AFFECT) prejudiced the residents’ predisposition to pay. Moreover,
the overall level of (ROAD_EXTERNALITIES_CONCERN) also affects the first phase of the model (WTP 
to reduce the problem).
Concerning the second phase of decision making, which determines the amount of money to pay in order 
to improve the environmental situation, we observe that the greater is the individual concern 
(NOISE_PERCEPTION), the greater is the amount of money the decision marker decides to pay. Finally, the 
application of the Moulton correction shows good performance validating its results. The discriminatory 
variable in the previous study was the zip (postal code).
Table 4: WTP distribution in the sample excluding protest responses.
Air pollution
WTP > 0 Noise Mildly affected Severely affected
15 56% 61% 60.4%
Bid (€) 30 60% 64% 64%
45 60% 66% 65.5%
Total sample 59% 64% 64%
Table 5: Comparison of estimated spike models after excluding protest responses.
Air pollution
Valuation Noise Mildly affected Severely affected
Spike value 0.424 0.377 0.384
Mean WTP 8.22 9.31 9.56
Model
Į 0.305 0.501 0.471
ȕELG 0.104*** 0.104*** 0.100***
Observations 465 495 500
Log likelihood 436.63 470.63 483.20
Likelihood ratio (prob.) 873.26 (0.000) 941.26 (0.000) 966.41 (0.000)
Note: ***p < 0.01; **p < 0.05; *p < 0.10
Concerning the contextual variables, average age in the municipalities (AGE_MEAN) has a negative 
influence and we can also see the positive influence of the number of registered trucks in the survey area 
(TRANSPORT_REGISTRATION) in the WTP. This model estimation reveals the influence of contextual 
variables (municipalities) on the individual behavior. Tables 7 and 8 collect the outcomes of estimations in 
reducing pollution in air both mildly and seriously polluted. These models show certain similarities with the 
models in reducing noise level. Therefore, a greater perception of traffic air pollution (AIRP_PERCEPTION) 
correlates with a greater willingness to pay to mitigate it. The Double-Hurdle Model agrees with the previous 
results, taking into account the perception problem on the willingness to pay (AIRP_PERCEPTION and 
ROAD_EXTERNALITIES_CONCERN). Furthermore, physical measures influence the respondents’ 
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decisions in the same way as with noise externalities. Respondents suffering more environmental damage 
show greater values in their WTP (HIGHER_REDUCTION). 
Finally, the estimations made with the Moulton correction allow us to see that a higher WTP is related to 
young participant in the survey and with a greater number of registered trucks 
(TRANSPORT_REGISTRATION).
Table 6: Estimates of the determinants of the Willingness to Pay. Noise affected people
Double Hurdle Model Moulton Model
Tobit Probit Truncated Probit OLS
Constant -20.1 -0.7 -0.82 1.22
Price 0.11 0.002 0.15 0.008** 0.07
Environmental Concern Variables
Noise_Perception
Traffic_Noise_Affect
Hearing_Problems
Road_Extern_Concern
5.47***
3.96**
-6.7*
3.2**
0.35***
0.19**
-0.4*
0.11*
-0.032
3.3**
-2.41
2.16*
0.33***
0.15
-0.6***
0.14***
2.77***
2.33*
-3.7**
2.19***
Socio-demographic Variables
Age
Education_Level
Urban Habitat
-0.14
2.78*
1.71
-0.01
0.12
-0.05
-0.05
1.08
6.0*
-0.01**
0.15**
0.13
-0.07
1.65*
6.68***
Physic Externalities Measures
Pollution Zone
Higher_Reduction
-1.56
0.17
0.13
0.003
-5.7*
0.18
-0.04
0.002
-1.48
0.12
Contextual Variables
Age_Mean
University_Studies
Primary_Residence
Primary_Residence_Noise
Primary_Residence_Pollution
Transport_registration
0.01
-1.37
0.002
0.017
-0.03
1.77
-0.6*
46
0.002
0.10
-0.13
38**
Log-Likehood
Chi-Squared
Prob.
Sigma
R-Squared
-1406
6.56
0.000***
25.18
264
82.3
0.000***
-1093
0.000***
17.5
272
808
0.000***
0.16
5. Conclusions
Noise and air pollution associated with road transportation is a social and public concern in the zones 
bordering the Pyrenees. Therefore, those zones are facing a serious problem due to the environmental 
problems of road traffic. Our survey shows that noise reduction is less appreciated than air pollution 
abatements in rural areas in the Western Pyrenees. Also, the results highlight the coherence shown by the 
respondents about their behavior in the different proposed scenarios. On the one hand, the WTP was higher 
for a reduction in the number of people severely affected by the air pollution than for a reduction in the 
number of mildly affected people. On the other hand, respondents who are more worried about environmental 
issues from road transportation increases their willingness to pay in a clear way. 
Concerning the socioeconomic factors, younger people and with higher training have a greater propensity 
for payment, confirming evidence shown in previous empirical evidence (eg. Barreiro et al. 2005). Also, 
living in urban areas as opposite to living in rural areas is high positively associated with high WTP. Finally, 
some variables characterizing the localities where the survey has been developed are statistically significant in 
order to understand residents’ environmental behavior.
Regarding future contributions, another survey of similar characteristics has been carried out in November-
December 2012 in the motorways of the Basque Country (Spain) which crossed the Pyrenees, along with an 
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economic experiment about WTP performed in Navarre in June 2014. We expect to analyze in the future the 
results of those new field works and make suitable comparison with the results here showed. 
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Table 7: Estimates of the determinants of the Willingness to Pay. Mildly affected people by air pollution
Double Hurdle Model       Moulton Model
Tobit Probit Truncated Probit OLS
Constant 15.7 1.59** 10.5 44***
Price 0.11 0.005 0.08 0.002 0.07
Environmental Concern Variables
AirP-Perception
AirP_Affect
Smoker
Road_Extern_Concern
-5***
3.23**
-2.5
2.09*
-0.5***
0.18*
-0.13
0.08
1.18
2.49**
-0.88
1.29
-0.3***
0.17**
-0.17
0.11*
-3**
2.5**
-1.35
1.59***
Socio-demographic Variables
Age
Education_Level
Urban Habitat
-0.09
2.05
1.51
-0.01
0.09
-0.09
-0.001
-0.48
3.92
-0.006**
0.17***
0.41***
-0.05
1.08**
6.7***
Physic Externalities Measures
Pollution Zone
Higher_Reduction
-2.2
0.19**
-0.01
0.01***
-2.44
-0.03
-0.02
0.009
-0.94
0.11*
Contextual Variables
Age_Mean
University_Studies
Primary_Residence
Primary_Residence_Noise
Primary_Residence_Pollution
Transport_registration
-0.009
-0.59
-0.014*
0.019**
0.004
2.5**
-0.99**
48
-0.18*
-0.02
0.22*
45***
Log-Likehood
Chi-Squared
Prob.
Sigma
R-Squared
-1581
35.44
0.06*
22.9
-312
84.9
0.000***
-1268
0.000***
15.8
307
324.7
0.000***
0.14
Note: ***p<0.01; **p<0.05; *p<0.10
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Table 8: Estimates of the determinants of the Willingness to Pay. Severely affected people by air pollution
Double Hurdle Model Moulton Model
Tobit Probit Truncated Probit OLS
Constant 21.7* 1.59** 19.75* 0.67
Price 0.11 0.004 0.09 0.004 0.001
Environmental Concern Variables
AirP-Perception
AirP_Affect
Smoker
Road_Extern_Concern
-6***
3.27**
-2.8
2.07*
-0.4***
0.18**
-0.11
0.08
0.12
2.35*
-1.14
0.86
-0.3***
0.15**
-0.15
0.11**
-0.1**
0.05**
-0.05
0.04*
Socio-demographic Variables
Age
Education_Level
Urban Habitat
-0.12
1.94
1.76
-0.01*
0.08
-0.05
-0.03
-0.44
3.8
-0.01**
0.13***
0.32**
-0.1**
0.04***
0.11**
Physic Externalities Measures
Pollution Zone
Higher_Reduction
-4.05*
0.18**
-0.06
0.012**
-4.7**
-0.02
-0.06
0.01**
-0.02
0.003**
Contextual Variables
Age_Mean
University_Studies
Primary_Residence
Primary_Residence_Noise
Primary_Residence_Pollution
Transport_registration
0.001
-1.8
-0.01**
0.02***
-0.006
1.21
0.003
-0.92
-0.01*
0.007**
-0.01
0.43*
Log-Likehood
Chi-Squared
Prob.
Sigma
R-Squared
-1592
3.87
0.000***
23.6
-276
82.9
0.000***
-1279
0.000***
16.67
303
269
0.000***
0.14
Note: ***p<0.01; **p<0.05; *p<0.10
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